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Cooperative Automatic Accompaniment System
Using Predictive Models of Expression in Music
Performance Based on CRFs

RyUuIcHI YAMAMOTO, ! SHINJI SAKO'!
and TADASHI KITAMURA !

In this paper, we propose the method to predict expression of accompaniment
given a part of performance referred to the score which contains several parts.
In corroborative performance, a part of performance has musical harmony as
a melody and it harmonizes with other parts. In our approach, the harmonic
relation between parts is modeled by CRF (Conditional Random Fields). Ex-
perimental results and evaluations of the accuracy of the predictive models
which learned from data statistically are reported. Also, we present the coop-
erative automatic accompaniment system which estimates the performer’s beat
position in the score on real-time processing and play the expressive accompa-
niment automatically.
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Fig.1 Hidden markov models which represent human performance

0000000000000000000000000000O0O0O0O0O0O0O0O0O0OONOO
00000000000000000 ;00000005 000000000000 n;0O
0000000 0000000000 =(n;,t;) 0000¢; 0 0000000000
0000000000000 D0DOIONN Inter Onset Intervald 0 0 O O

00000 X = {z1,%2,..,a,} 00000000 8§ = {s1,82,...,s,} 0000000
0000000000000000000 8.20000000000000000000
000000000000000000000 p(sfs;) 000000000 i0000
00000000000000p(x|s;) 00000000 ;000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
0000000000000000000000000000000 C000000000
00000000O0COO000000000000000 DOOOOOO BOOOOOO
00000000000000000000000000000000000000000
0000000000000000000 I010000000000000000000
0000000000000000000000000000000

3.2.1 00000000000000
0000000000000000000000000000000000000000

(© 2011 Information Processing Society of Japan



gooooooood
IPSJ SIG Technical Report

goboooooobooooooobooooobooooooo eMMODOOOODOOODO

000000000000 X = {z1,22,..,2,} 00000000 8 = {s1,52,...,8,} O
000000000000000000 (3) 0000000000

S = arg max P(S|X) (1)
s

= arg;naxP(S|X)P(S) (2)

= arg;naxHp(wi|5¢)p(8i|5i71) (3)

i=1
o0o0oo0oo Soo0o0o0ooooo0o0ooooOoo0oooOooUoooooooo
gooooboooooooooooboooooooboooooobooobOooOoboooooDooo
oooooooooocoO0O0OHMM OO0O0O0OO0O0OOOOOOOOO0OODOOOOOO0O0
O Viterbi OODODOOOOOOODOViterhi D0O0O0O0O0OOOOOOOOODODDODOOO
gobooooobooooboooobooobooooboooooooooooboOoobooboooon

4. CRFOOOOOOOOOOOO

4.1 0000
goooooooooooboobooooooboobooooooboboooooobooobooDboo
goooboooobooooooooboobooooooobooooooobooooooDboOobOoOoo
goooooooooooooobooooooooboooooooboooboobOoooooDoboo
gooooobooooo
goooobooooooooooooboooooooboooooooboboooooooDooboo
goooboooz200o0boooooboooooooooooobooooboooooooo
goboodooobooobooooboooboooobbooooooboooooooooooDooo
goooboooooooobooooobooooooooboooooooobooooooo
U20000000000000C00O00O0O00

(1) DOoUOoOooOoOUOUOOODOOUDOOOOODOo

(2) ODOUOOOOOOUDOOOO
gobobooobooooooooboobcoooooboooOoooooooboooOoooooDooo
gobooobooooooobooooboooooboboOoOoboOoOobooOoOoOoDoo
goooboooooooooooocooooOooOoOoOoooOboOoOoooOooOobOOboOobo
goooooooooooooooooboobooooboboooooboobooooooDooboo

Vol.2011-MUS-91 No.11
2011/7/28

gooooooooooooooooooooboooooboooooobooooooo
gooooooooboooooooooooooobooooooooooobooooooDon
goooobooooooooobooooobooboobooooooobooooboooooDbon
goooooboooooogoo
gobooooooooooooobooooooboooooooooooooooon
000 CRFOOOOOCRFOOOOOOOOOOOOOOOOOOOOOODOOOOO
gooobobooodoooooboooooooobooboooooooboooboooooobooon
00000000 CRFOOOODOOOOOOOOOOOOOOOOOOOOOOOOOO
ooooooooooooooooobooboOoOooooboOOoOOoooOoDOOobOoOoOooOoDon
oobooooboooo
4.2 CRFOOO0O0O00O0OO0O
0o0o0o0o0oooooooobooOoOoooooooOboooOooOoOOb0 MIDIOOOOOD
ooboO00o0ooooOo0o0ooo0ooooooooooo MIDIODOOOOODOODOOO
oooOoOMIDIOOOOO0O0O0O0OO0O0~12700000000000000000OCOOO
0000000000000000000D0000000000 X = {x1,%2, ..., . T} O
0000000000000 o00Y ={y,y2,..,.yn} 0000
gobooobooooooobooooooooobooooooooooOoooobooDbon
0000000000000000000000000000000+* 00000000

Or 00000000000, 0 0000000000000000O00O0O00DO0
A
U
yi = log — (4)

Vave

gobobooooooooooooobooboooooooobooooooooooon
gooobooooooooobooooooooooooooooooboooooobobon
goooboboooooooooboooooboooooooooooooobooooooon
uobooooobooobooooooooboooooooon

N
1
j=1
Ai =XT; — Ti—1 (6)

O00O0.f 0000000000 »xX 0000000000ONDO nf 000000000
000000000000 00D0O00

(© 2011 Information Processing Society of Japan



gooooooood
IPSJ SIG Technical Report

01 CRFOOOOOOO
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*1 CrestMusePEDB: http://www.crestmuse. jp/pedb
*2 crfsgd: http://leon.bottou.org/projects/sgd
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